The optical absorption spectra in the region of the 4f 7 → 4f 6 5d (t 2g ) transition energies of epitaxial layers of of EuTe and Pb 0.1 Eu 0.9 Te, grown by molecular beam epitaxy, were studied using circularly polarized light, in the Faraday configuration. Under σ − polarization a sharp symmetric absorption line (full width at half-maximum 0.041 eV) emerges at the low energy side of the band-edge absorption, for magnetic fields intensities greater than 6 T. The absorption line shows a huge red shift (35 meV/T) with increasing magnetic fields. The peak position of the absorption line as a function of magnetic field is dominated by the d-f exchange interaction of the excited electron and the Eu 2+ spins in the lattice. The d-f exchange interaction energy was estimated to be J df S = 0.15 ± 0.01 eV. In Pb 0.1 Eu 0.9 Te the same absorption line is detected, but it is broader, due to alloy disorder, indicating that the excitation is localized within a finite radius. From a comparison of the absorption spectra in EuTe and Pb 0.1 Eu 0.9 Te the characteristic radius of the excitation is estimated to be ∼ 10Å.
calculations 15, 16 .
In this work we studied the 4f 7 → 4f 6 5d (t 2g ) optical absorption of epitaxial layers of EuTe grown by MBE, using circularly polarized light and high magnetic fields. At zero magnetic field, the optical absorption spectrum is described by a sharp threshold around 2.25 eV. When the intensity of the applied magnetic field is increased above 6 T, a very sharp symmetric absorption line (full width at half maximum of 41 meV) appears at the low energy side of the absorption onset in one of the photon polarizations (σ − The optical absorption dependence on magnetical field was also studied for a Pb 0.1 Eu 0.9 Te sample. The optcial absorption of Pb 1−x Eu x Te for x > 0.6 is EuTe-like, i.e. it is associated with an 4f 7 → 4f 6 5d electronic transition, whose energy is pinned at 2.3 eV for x > 0.8 17 .
In the Pb 0.1 Eu 0.9 Te sample, the same absorption line seen in EuTe was detected in high magnetic fields (above 6 T), however, the maximum red shift of the line was smaller, due to a smaller concentration on Eu 2+ in the lattice. In addition, the width of the absorption line (43 meV) was larger than in EuTe (41 meV). Assuming that the increase in the breadth of the line is due to alloy disorder, the radius of localization of the excitation is estimated to be ∼10Å. Te sample was determined by magnetization SQUID measurements, with an estimated uncertainty of less than one percent. The crystalline quality was investigated by measuring the x-ray rocking curve of the (222) Bragg reflection of the samples. The peak position corresponded to the bulk lattice parameter of 6.600Å, and the full width at half maximum of the EuTe diffraction peak was about 400 arcsec, which is indicative of a good structural quality (for Pb 0.1 Eu 0.9 Te the FWHM of the peak was larger than in EuTe by about 100 arcsec, due to alloy disorder). PL measurements at T=2K were made, using the 488nm line of an Ar laser, and the sharp luminescence (FWHM∼10 meV) at 1.922 eV was detected, demonstrating the high optical quality of the samples 2,12 . The optical absorption spectra of EuTe samples and Pb 0.1 Eu 0.9 Te were measured at 1.8K, using left and right circularly polarized light, in magnetic fields of intensity up to 17 Teslas. The sample (square shaped, of side length 2.5 mm), was immersed in superfluid helium, and light was conveyed to the sample, and collected from the sample, in the Faraday configuration, using optical fibers coupled to in situ miniature focusing optics and circular polarizers.
III. RESULTS
The absorption spectrum taken at zero field shows the characteristic absorption onset at ∼2.3 eV (see Fig.1 ), which is associated with the 4f 7 → 4f 6 5d (t 2g ) transition 4, 5 . In the transparency region, the absorption coefficient shows weak oscillations, due to the effect of Fabri-Perot interference in the thin epitaxial film.
When a magnetic field is applied, the absorption edges taken in both polarizations show remarkably different behaviours. In the σ + polarization there is simply a red shift of the absorption edge, which saturates when the applied field, B a , reaches 8.3 T. In the σ − polarization, however, the absorption spectrum does not red shift as a whole, but develops a new sharp absorption peak that emerges from the main absorption edge. With increasing magnetic field the new absorption peak gains intensity, and it red shifts, until saturation is reached at B a =8.3 T. The same absorption spectra were measured for a number of EuTe samples of various thickness in the range of 1-3µm, some of which contained a BaF 2 protective layer, some of which did not. The position and width of the peak was the same in all samples, and the optical density of the sharp absorption peak was proportional to the thickness of the EuTe epitaxial layer, demonstrating that the absorption line is originated in the bulk of EuTe.
For our sample geometry (a thin layer of EuTe subject to a perpendicular magnetic field), the internal field will be given by B int = B a − µ 0 M, where M is the magnetization of the sample, and µ 0 M varies linearly with B a and saturates to ∼ 1.1 T at B int = 7.2 T 19 , meaning that B a =8.3 T corresponds to an internal field equal to the well known critical field value of 7.2 T for EuTe. We have employed fields as large as 17 T, but no further changes were seen in the absorption spectra. The absorption spectra at B a =9.6 T in both polarizations are shown in Figure 1 .
To show the evolution of the absorption spectra taken in the σ + and σ − polarizations when the applied magnetic field is increased from zero, a contour plot of the absorption spectra is shown in Figure 2 . This figure shows that in the σ + polarization the absorption edge red shifts almost linearly with the field intensity, until saturation is reached. In contrast, the evolution of the absorption spectrum in the σ − polarization does not show a linear red shift of the absorption edge, but rather the changes in the spectrum are described by the emergence of a sharp absorption line at the low energy side of the spectrum. When B is less than the saturation value, the strength of the sharp absorption line increases with B, and it red shifts, leading to a completely resolved line at the highest fields. The red shift of the sharp peak is described by a huge value of 35 meV/T, which is about the same value seen in the shift of excitonic PL 2,12 . Notice also that the main absorption edge remains nearly in the same place as at B = 0.
The peak position and full width at half maximum of the sharp absorption peak seen in the σ − polarization at fields above 8.3 T were obtained from a fit of the absorption spectrum with a linear combination of a Gaussian curve and a straight line (see Fig.3 ). For
EuTe, the maximum occurs at 2.169 eV (the peak is shifted by ∼ 0.22 eV from the main 4f 7 → 4f 6 5d (t 2g ) absorption), and the full width at half maximum (FWHM) equals to 41 meV. The Pb 0.1 Eu 0.9 Te sample showed the same qualitative behavior as seen in EuTe, but the low energy side peak was broader than for EuTe, and centered at a higher energy, as shown in the right panel of Fig.1 . The absorption maximum is seen at 2.181 eV, i.e. an energy 12 meV greater than for EuTe, and the FWHM=43 meV, greater by 2 meV compared to the same value for EuTe (see right panel in Fig.3 ).
IV. DISCUSSION
The magnetic field dependence of the newly discovered absorption line will be discussed in the framework of the d − f exchange interaction. The d − f exchange interaction energy operator is given by
where J df is the d − f exchange interaction constant, a † nµ is the creation operator of a Wannier function centered at the n−th Eu 2+ with spin µ, σ is a Pauli spin operator, and S n the spin of the n−th Eu 2+ . We treat H df as a perturbation over a photoexcited electron in a d−band with definite spin, whose wave function is given by Ψ = n c n a † nχ |0 . The spin of the photoexcited electron is subject to the constraint that it must be parallel to the Eu 2+ spin at the site where the excitation occurred 3, 13 . We assume that the wave function describing the excited state encloses a large number of Eu 2+ sites, hence at zero magnetic field (T=0K), when the arrangement of the Eu ions is antiferromagnetic, (the Eu spins lie in the (111) plane 19 ), the d − f interaction energy of the photoexcited electron averages out to zero. As the magnetic field applied normal to the (111) increases, the Eu 2+ spins cant in the magnetic field direction, the d-f exchange interaction energy increases and at arbitrary field it will be given by
where 2θ is the angle between the sublattice spin directions, determined by
where B Sat = 7.22 T is the saturation field for EuTe 19 . , and the d − f exchange interaction constant, J df , and E 0 were the fitting parameters, leading to the best fit values of E 0 =2.321 eV and J df S = 0.15 ± 0.01 eV.
For Pb 0.1 Eu 0.9 Te, the energy position of the side peak is greater than in EuTe, which is due to a lower density of spins in the lattice. Then, assuming that in going from EuTe to Pb 0.1 Eu 0.9 Te, the increase in the full width at half maximum (FWHM) of the side peak is due to inhomogeneous broadening, caused by random fluctuations in the local Eu concentration, the number of Eu 2+ spins inside the exciton radius can be estimated through Manuscript by Henriques et al, Figure 2 
